We develop a systematic method of solving two noninteracting Jaynes-Cummings models by using the dressed state formalism in Hilbert space H 
INTRODUCTION
To address some intrinsic riddle of the quantum mechanics of separated bodies and their separability, in 1935 Schrödinger introduced the notion of entanglement which has become an integral part of quantum information science 1, 2 . Inspite of its counter-intuitive origin, today entanglement is believed to be the primary ingredient of several charted and uncharted issues of quantum teleportation 3 , quantum cryptography 4,5 and quantum computer 6 , the core parts of much-touted quantum technology. The key feature of entanglement is that, when a single system is parted away into apparently two isolated subsystems, then any measurement in one subsystem influences other, no matter whatever be the distance between them. Such nonlocal correlation, which is often referred as the entanglement or quantum correlation, is quite different from the local gauge theory where the causal interaction between two subsystems is mediated by so-called 'gauge particle'. In a pioneering experiment, Aspect and his coworkers 7 conclusively verified the violation of the Bell-CHSH inequality 8, 9 which uphold the result of quantum mechanics invalidating the hidden variable theory advocated by Einstein-Podolsky-Rosen (EPR) 10 . In the subsequent years, the 'spooky' tag of the quantum correlation was completely removed by several loophole free precision experiments 11, 12 . Apart from the epistemological issues like local realism and measurement, other core problem is the proper quantification of the quantum correlation and in this regard, concurrence [13] [14] [15] , I-concurrence 16 , quantum discord 17 , entanglement witness 18, 19 etc have been proposed as the possible measure of the quantum correlation with different physical attributes.
Simplest example of an entangled system is the bipartite system which is formed by two nonlocal qubits called two-qubit system. Conventionally, a pair of photon, each with two state of polarization produced in the parametric down conversion process, is an efficient representative of the bipartite system. In the recent past, Eberly and his coworkers argued that a pair of two non-interacting two-level systems produced during the atomic or molecular dissociation, can also be regarded as the bipartite system with several extra features [20] [21] [22] . Their study reveals that the intrinsic Rabi oscillation of the two-level system is manifested through an effective oscillation of the concurrence 13,14 which also exhibits entanglement sudden death due to decoherence 20, 22 . Soon after their proposal, there is an upsurge of studying various quantum-optical effect in presence of entanglement in various routes 20, 21, [23] [24] [25] [26] [27] [28] , however, the exact solution of Double Jaynes-Cummings mode (D-JCM) using dressed state formalism is still not available.
There exists a wide class of the coherent phenomena which arises due to the multiple level structure of a quantum optical system. Among them, the four-level system defined in Hilbert space H (4) , is related with the phenomena like four-level EIT effect 29 , pulse propagation in coherently prepared four-level system 30, 31 , qubit-induced micro-switching 32, 33 , Rabi oscillation in the equidistant four-level system 34 etc. Recently, in a series of work we have developed a dressed state formalism to solve the three 35 and four-level system 34, 36 and studied their Rabi oscillation and other possible properties. To generalize that approach, in the present paper we extend the dressed state formalism to solve the D-JCM in the Bell basis. We explicitly show that the projection measurement of the entangled system defined in H In the rotating wave approximation, the Hamiltonian of the Jaynes-Cummings model in Hilbert
is given by 37, 38 ,
where, σ
)and a † i (a i ) be the 'atom' and 'field' creation (annihilation) operators with g i be the coupling parameter at local i-th sites (i =A (Alice), B (Bob)) and ∆ be the detuning, respectively. AB . Thus the Hamiltonian of the Double Jaynes-Cumming system, which is indeed a bipartite system formed by two nonlocal two-level quantized systems, is given by,Ĥ
At zero detuning ∆ = 0, the off-diagonal contribution of the Hamiltonian can be equivalently expressed in a 4 × 4 matrix,Ĥ
which we proceed to solve using the dressed state formalism 34, 36 for suitable bare state.
A linear combination of two-qubit states constitutes the Bell states,
respectively, and most general bare state wave function of a semiclassical D-JCM is given by,
where c ij (i, j = 0, 1) are the normalized amplitudes. Taking the cavity mode at each local site quantized, the bare state wave function of the quantized D-JCM can be written as,
where, n A and n B be the field modes at local sites A and B with the Bell-Fock basis given by,
respectively. It is worth noting here that, none of these four Bell-Fock states in Eq. (7) By substituting Eq. (7) into Eq.(6) and taking c 10 (0) = 0, c 11 (0) = 0, we obtain following bare state wave function,
which can be equivalently written as,
Scenario-II: When the initial bare state is formed by the Bell pair | Φ − and | Ψ − :
Proceeding similar way and taking c 00 (0) = 0, c 01 (0) = 0 we obtain,
which can be also expressed as,
After developing the requisite model and the bare states in the Bell basis, we proceed to find its density matrix ρ AB (t) of the D-JCM to calculate the collapse and revival at each local sites by using the formula,
where ρ i (t)(= T r i [ρ AB (t)]) be the reduced density matrix of the subsystem at local site i = A and B, respectively.
III. DRESSED STATE SOLUTION OF DOUBLE JAYNES-CUMMINGS MODEL
For Scenario-I, to solve the D-JCM using the dressed state formalism, we define the initial dressed wave function by a orthogonal transformation of the bare state in Eq.(9) 34,36 ,
where H I n A ,n B and E i n A ,n B be the interaction Hamiltonian and their eigenvalues in the dressed state basis which are to be evaluated. In Eq. (14), the orthogonal matrix T α is given by, 
which α ij is parameterized as 39 , 
with s k = sin θ k and c k = cos θ k (k = 1, 2, 3, 4, 5, 6), respectively. Using the algebra, namely,
it is straightforward to find that the mixing angles is found to be,
and in the dressed basis, the interaction Hamiltonian Eq.(3) becomes,
where, Ω i = g i √ n i + 1. The corresponding time-dependent amplitude is found to be, 
where,
, respectively. Thus the time-dependent wave function in the Bell basis is found to be,
where the amplitudes are given by,
respectively. The corresponding density matrix for Scenario-I is found to be,
respectively. In the dressed basis, corresponding diagonal part of the Hamiltonian from Eq. (2) is given by,
where the elements are,
respectively. From Eq. (19) and (24), the total Hamiltonian is given by H n = H 0 n A ,n B + H I n A ,n B and the effective energies of the dressed states obtained by diagonalising it,
where, E 0 n A ,n B = (n A + 
IV. NUMERICAL ANALYSIS:
Following the preestablished protocol, finally we shall make measurement at each local sites by taking projection of the entangled system given by Eq. (12) Rabi oscillation at Alice and Bob are in the opposite phase to each other. In particular, for θ = 0 and θ = π 2 , which corresponds pure Φ + and Ψ + state respectively, the amplitude of oscillation attains its maximum value which is gradually suppressed with the increase of θ. For θ = π 4 , which corresponds to the equal admixture of both states, the oscillation completely ceases to exists (not shown). 
V. CONCLUSION
In this paper we have developed a dressed state formalism to solve the lossless Double JaynesCummings model while taking the basis state as the linear superposition of two Bell states. In particular, it is shown that for the specific pairs of Bell states, the collapse and revival time of typical JCM at each local sites can be precisely recovered. Going beyond multifaceted applications of photonic entanglement, the study of the entanglement scenario of atomic or molecular system with two or three levels 35, 36 has a very special appeal as they are connected with the bulk properties of materials, such as transparency, refractive index etc en route to EIT 40 . In the other word, the bipartite system with multiple level structure may provide a handle to explore a new class of entanglement-induced coherent phenomena where the manipulation and control of bulk properties could be done nonlocally.
